MgB2 superconductor thin films on Si and Al2O3 substrates by Plecenik, A. et al.
0J% VXSHUFRQGXFWRUWKLQILOPVRQ6LDQG$O2 VXEVWUDWHV
$3OHFHQLN/6DWUDSLQVN\ 3.~ãâ*DåLâ%HDþND,9iYUD DQG,.RVWLþ
 ,QVWLWXWHRI(OHFWULFDO(QJLQHHULQJ6ORYDN$FDGHP\RI6FLHQFHV'XEUDYVNDFHVWD%UDWLVODYD6ORYDN5HSXEOLF'HSDUWPHQWRI6ROLG6WDWH3K\VLFV)0),&RPHQLXV8QLYHUVLW\0O\QVNDGROLQD%UDWLVODYD6ORYDN5HSXEOLF ,QVWLWXWHRI,QIRUPDWLFV6ORYDN$FDGHP\RI6FLHQFHV'XEUDYVNDFHVWD%UDWLVODYD6ORYDN5HSXEOLF
$EVWUDFW7KLQILOPVRI0J% VXSHUFRQGXFWRUZHUHSUHSDUHGE\WKUHHGLIIHUHQWSURFHGXUHVRQVDSSKLUHDQG VLOLFRQ VXEVWUDWHV%RURQ WKLQ ILOPV H[VLWX DQQHDOHG LQPDJQHVLXPYDSRXU UHVXOWHG LQWH[WXUHG SRO\FU\VWDOOLQH ILOPV ZLWK FU\VWDO GLPHQVLRQV EHORZ DERXW P RQVHW FULWLFDOWHPSHUDWXUH7FRQ QHDU.DQGZLGWKRISKDVHWUDQVLWLRQû7d .%RWKH[VLWXDQGLQVLWXDQQHDOHG FRGHSRVLWHG ERURQ DQG PDJQHVLXP WKLQ ILOPV RQ VDSSKLUH DQG VLOLFRQ VXEVWUDWHVJLYHVPRRWKQDQRFU\VWDOOLQHILOPV'&SURSHUWLHVRIQDQRFU\VWDOOLQH0J% ILOPVFRGHSRVLWHGRQVLOLFRQVXEVWUDWH UHDFKHG7FRQ .DQG ]HUR UHVLVWDQFH7FR  . WKHKLJKHVW YDOXHVUHFHLYHGXQWLOQRZRQ6LVXEVWUDWHV ,QDGGLWLRQPLFURZDYHDQDO\VHVSURYH WKH H[LVWHQFHRIVXSHUFRQGXFWLQJ SDUWV RI WKH ILOP EHORZ  . 7KLV UHVXOW FRQILUPV WKH SRVVLELOLW\ WRV\QWKHVLVHQDQRFU\VWDOOLQHVXSHUFRQGXFWLQJ0J% WKLQILOPVRQVLOLFRQVXEVWUDWHZLWKFULWLFDOWHPSHUDWXUHQHDU.SUHSDUHGE\YDFXXPFRGHSRVLWLRQRIERURQDQGPDJQHVLXPILOPV
,QWURGXFWLRQ7KHRQVHWFULWLFDO WHPSHUDWXUH7FRQ| .RI 0J% VXSHUFRQGXFWRU KDV JHQHUDWHGJUHDWLQWHUHVWEHFDXVHLWUHDFKHVWKHKLJKHVWFULWLFDO WHPSHUDWXUH LQ WKH VLPSOH WZRFRPSRQHQWQRQR[LGHFRPSRXQG>@7KLQILOPV RI 0J% SUHSDUHG RQ WHFKQRORJLFDOGLHOHFWULF RU VHPLFRQGXFWRU VXEVWUDWHVUHSUHVHQW ODUJH SURPLVH IRU HOHFWURQLFDSSOLFDWLRQV LQFOXGLQJ FU\RHOHFWURQLFVWUXFWXUHV ZLWK ZHDN OLQNV GXH WR ODUJHUFRKHUHQFHOHQJWKPXFKVPDOOHUDQLVRWURS\DQG QRUPDO VWDWH UHVLVWLYLW\ DQG KLJKHUFRPSRXQG VWDELOLW\ WKDQ DW SUHVHQW RFFXUVLQKLJKWHPSHUDWXUHPXOWLFRPSRQHQWR[LGHVXSHUFRQGXFWRUV +RZHYHU KLJK YRODWLOLW\RI PDJQHVLXP DQG VPDOO GHFRPSRVLWLRQWHPSHUDWXUHRI0J% FUHDWHVGLIILFXOWLHVDWSUHSDUDWLRQ RI VPRRWK KRPRJHQHRXV DQGHSLWD[LDOWKLQILOPV
3URPLVLQJ UHVXOWV ZHUH UHFHLYHG E\SXOVH ODVHU GHSRVLWLRQ 3/' IURP WDUJHWFRPSRVHG RI D PL[WXUH RI 0J0J%SRZGHUV >@ VWRLFKLRPHWULF0J% WDUJHW>@ 0J% SUHFXUVRU RU E\ HEHDPHYDSRUDWLRQ RI ERURQ >@ DQG VXEVHTXHQW0J% V\QWKHVLV E\ H[VLWX a  R& RULQVLWX a R& DQQHDOLQJ SURFHGXUH*HQHUDOO\LWZDVVKRZQWKDWXQWLOQRZWKLQILOP V\QWKHVLV E\ H[VLWX DQQHDOLQJSURFHVVHVLQGHHGJLYHV7FRQ| .>@EXWWKHVH SURFHVVHV DUH QRW VXLWDEOH IRUREWDLQLQJ VPRRWK DQG HYHQWXDOO\HSLWD[LDO ILOPV 2Q WKH RWKHU KDQG LQVLWXDQQHDOLQJ DOORZV WR UHFHLYH VPRRWKQDQRFU\VWDOOLQH ILOPV KRZHYHU WKH RQVHWFULWLFDO WHPSHUDWXUH LV UHODWLYHO\ ORZEHORZ a . >@ 7KH UHDVRQ LVSUREDEO\ LQ R[\JHQ FRQWDPLQDWLRQIRUPDWLRQ RI KLJKHU SKDVHV RU QRW LGHDOVWRLFKLRPHWU\ DQG DQQHDOLQJ SURFHVV1HYHUWKHOHVV LW VHHPV WKDW LQVLWX SURFHVV
LV QHFHVVDU\ IRU VXFFHVVIXO SUHSDUDWLRQ RIVPRRWKWKLQILOPVE\WKHDERYHPHQWLRQHGGHSRVLWLRQ WHFKQLTXHV 5HFHQWO\ LQVLWXV\QWKHVLVHG 0J% WKLQ ILOPV RQ VDSSKLUHVXEVWUDWH GHSRVLWHG E\ 3/' HQDEOHG WRUHFHLYHWKHKLJKHVW7FR| .>@,Q WKH SDSHU ZH SUHVHQW SURSHUWLHV RI0J% WKLQILOPVGHSRVLWHGRQVDSSKLUHDQGVLOLFRQ  VLQJOH FU\VWDO VXEVWUDWHV E\H[VLWX DQQHDOLQJ RI ERURQ ILOP LQPDJQHVLXP YDSRXU DQG E\ FRGHSRVLWLRQRI0J% ILOP DQG H[VLWXRU LQVLWX0J%V\QWKHVLV7KHILOPVRIWKLFNQHVVDERXWQP ZHUH GHSRVLWHG RQ URRP WHPSHUDWXUHVXEVWUDWHVIURPWZRUHVLVWLYHKHDWHUV$IWHUFHUWDLQ RSWLPLVDWLRQ RI WKH DQQHDOLQJSURFHVV 7FRQ    . DQG 7FR    . ZDVREWDLQHG IRU ERWK VDSSKLUH DQG 6LVXEVWUDWHV 7KH 0J% ILOPV SUHSDUHG E\FRGHSRVLWLRQ DUH YHU\ VPRRWK DQGFRQYHQLHQW IRU SDWWHUQLQJ DQG SUHSDUDWLRQRIPLFURVWULSVWUXFWXUHVDQGZHDNOLQNV
([SHULPHQWDO7KUHH GLIIHUHQW SURFHGXUHV ZHUH DSSOLHGIRU WKHSUHSDUDWLRQRI0J% WKLQ ILOPV RQVDSSKLUH DQG VLOLFRQ VXEVWUDWHV )RU WKHPRUSKRORJLFDO DQGPLFURVWUXFWXUDO VWXGLHVRI SUHSDUHG ILOPV +LWDFKL 6 ILHOGHPLVVLRQ VFDQQLQJ HOHFWURQ PLFURVFRSH6(0 DQG -(2/ (; WUDQVPLVVLRQHOHFWURQ PLFURVFRSH 7(0 ZHUH XVHG7KHHOHFWULFDOSURSHUWLHVRI WKH ILOPVZHUHVWXGLHG XVLQJ VWDQGDUG GF IRXU SUREHV
PHWKRG DQG PLFURZDYH FKDUDFWHUL]DWLRQZDV UHDOL]HG E\ D UHVRQDWRUPHWKRG LQ *+]IUHTXHQF\EDQG,Q WKH ILUVW WHFKQRORJLFDO SURFHGXUHERURQ WKLQ ILOP a QP WKLFN ZDVWKHUPDOO\HYDSRUDWHGRQUDQGRPO\RULHQWHGVDSSKLUH VXEVWUDWHV VXFFHHGHG E\ H[VLWXDQQHDOLQJ LQPDJQHVLXPYDSRU7KHERURQWKLQ ILOP ZDV WKHQ FORVHG LQ D 1E WXEHWRJHWKHU ZLWK 0J FKLSV LQ WKH UDWLR RI0J% PRUH WKDQ  7KH 1E WXEH ZDVFORVHG WR DQ DQQXODU IXUQDFH DQG NHSW RQ$UDWPRVSKHUHDWWKHSUHVVXUHaN3D7KHVDPSOH WHPSHUDWXUH ZDV WKHQ LQFUHDVHGIURP URRP WHPSHUDWXUH WR  R& LQ PLQXWHVPLQXWHVZDVNHSWRQWKHVDPHWHPSHUDWXUH DQG DIWHU WKLV WKH VDPSOHZDVTXHQFKHG WR WKH URRP WHPSHUDWXUH LQ ILYHPLQXWHV 7KH WLPH YV DQQHDOLQJWHPSHUDWXUH LOOXVWUDWHV GLDJUDP LQ WKH )LJD7KH PRUSKRORJ\ RI 0J% ILOPVSUHSDUHG E\ WKLV SURFHGXUH LOOXVWUDWHV )LJD 7KHVH WKLQ ILOPV DUH FRPSRVHG IURPVXSHUFRQGXFWLQJ UDQGRPO\ RULHQWHG VLQJOHFU\VWDOV ZLWK GLPHQVLRQV EHORZ DERXW PP SURWUXGLQJ IURP D FRQWLQXRXV ERWWRPILOP 7KH EHJLQQLQJ RI WUDQVLWLRQ WR WKHVXSHUFRQGXFWLQJ VWDWH DSSHDUV DWWHPSHUDWXUH 7FRQ FORVH WR  . DQG ]HURUHVLVWDQFH FULWLFDO WHPSHUDWXUH 7F |  .)LJE7KH VHFRQGSURFHGXUHRI0J% WKLQ ILOPVSUHSDUDWLRQZDV UHDOL]HGE\ FRGHSRVLWLRQ
D E)LJ 7LPH YV DQQHDOLQJ WHPSHUDWXUH IRU 0J% ILOP V\QWKHVLV H[VLWX DQQHDOLQJ LQPDJQHVLXPYDSRXUDYDFXXPLQVLWXDQQHDOLQJRIFRGHSRVLWHG0J%ILOPVEFXUYHDQGH[VLWXDQQHDOLQJLQ$UDWPRVSKHUHEFXUYH
D E
F G
H I
)LJ 7KH PRUSKRORJ\ DQG 57 GHSHQGHQFH RI WKH 0J% WKLQ ILOPV SUHSDUHG RQUDQGRPO\ RULHQWHG VDSSKLUH VXEVWUDWHV E\ H[VLWX DQQHDOLQJ RI ERURQ WKLQ ILOP LQPDJQHVLXP YDSRXU D E H[VLWX DQQHDOLQJ LQ$U DWPRVSKHUH RI FRGHSRVLWHG0J%ILOPFGDQGLQVLWXDQQHDOLQJLQYDFXXPRIFRGHSRVLWHG0J%WKLQILOPHI
LH E\ VLPXOWDQHRXV HYDSRUDWLRQ RIERURQ DQG PDJQHVLXP IURP WZRVHSDUDWH UHVLVWLYH KHDWHUV DW D YDFXXP 3D 7KH PDJQHVLXP DQG ERURQILOPV ZHUH HYDSRUDWHG DV LQ WKHSUHYLRXV SURFHGXUH RQ XQKHDWHGUDQGRPO\ RULHQWHG VDSSKLUH VXEVWUDWHV$WRWDOWKLFNQHVVRI0J%WKLQILOPZDVYDULHGIURPWRQP7KHUDWLRRI0J%FRPSRVLWLRQZDVKHOGDERYHEXW QR LQIOXHQFH RI KLJKHU0J% UDWLRRQWKHFULWLFDOWHPSHUDWXUHRI0J% WKLQILOPVZDVREVHUYHG3UREDEOH UHDVRQRIWKLV UHVXOW LV HYDSRUDWLRQ RI H[FHVVLYHPDJQHVLXPIURP WKH ILOPVXUIDFH7KLV0J% ILOPZDV H[VLWX DQQHDOHG LQ $UXVLQJ WHPSHUDWXUHWLPH GLDJUDP VKRZQLQ )LJD 7KH VXUIDFH LV VPRRWKZLWKRXW D YLVLEOH GHIHFWV RU FUDFNV)LJF7KH57GHSHQGHQFH RI WKLV0J% WKLQ ILOP RQ VDSSKLUH VXEVWUDWHH[KLELWHG7FRQ .DQG7F .7KH WKLUG SURFHGXUH RI WKH 0J%WKLQ ILOPV V\QWKHVLV RQ VDSSKLUHVXEVWUDWHV LQFOXGHG LQVLWX DQQHDOLQJRIFRGHSRVLWHG0J%ILOP LQ DFFRUGDQFHZLWK WKH GLDJUDP VKRZQ LQ )LJEFXUYH  $IWHU FRGHSRVLWLRQ RI 0J%ILOP WKH WHPSHUDWXUH RI WKH KHDWHU ZDVLQFUHDVHG LQ YDFXXP WR WKH YDOXH 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